Abstract---Interlayer sodium ions of montmorillonite were exchanged with hydroxy-bismuth polycations which were prepared from bismuth perchlorate solutions by the addition of NaOH. Assuming the charge density of the silicate layer to be unchanged, the compositions of the polycations involved in the exchange can be estimated from the amount of bismuth taken up by the montmorillonite and from the ignition loss between 110 ~ and 800~ The derived compositions are near [Bir(OH)16] 2+ irrespective of the ratio of OH:Bi in the perchlorate solution. The basal spacing of the hydroxy-bismuth montmorillonites is about 16 ,~ at 110~ which corresponds to that of hydroxy-chromium montmorillonite having a high surface area of about 250 m2/g. The surface areas of the hydroxy-bismuth montmorillonites, however, are less than 80 m2/g.
INTRODUCTION
The interlayer cations of expanding layer silicates can be exchanged with polymeric hydroxy-metal cations (see, e.g., Rich, 1968; Lahav et al., 1978) . Recently studies have been made of the exchange reactions of the polymeric cations of aluminum (Brindley and Sempels, 1977) , nickel (Yamanaka and Brindley, 1978) , zirconium (Yamanaka and Brindley, 1979) , and chromium (Brindley and Yamanaka, 1979 ). An interesting common feature of these reactions is the much higher basicity of hydroxy cations taken up by the clays than those of the initial hydroxy-metal solutions used. Furthermore, the basal spacings enlarged by interlayering of hydroxy-aluminum and hydroxy-zirconium cations persist to about 500~ without collapse, and the resulting solids have surface areas as high as 300-500 m2tg.
As a part of a continuing program in this area, the present study concerns the reaction between hydroxybismuth polycations and Na-montmorillonite.
EXPERIMENTAL

Preparation of hydroxy-bismuth solution
A small excess of bismuth oxide was dissolved in a known amount of perchloric acid, and the solution was filtered to remove undissolved bismuth oxide. The concentration of bismuth in the solution was analyzed, and the solution was diluted with distilled water to a final concentration of 0.1 M. The ratio of C104: Bi in the solution thus prepared was slightly greater than 3. Excess perchloric acid was titrated with sodium hydroxide. Hydroxy-bismuth solutions with basicities OH/Bi = 0, 0.5, 1.0, 1.5, and 2.0 were prepared by further titrating the above perchlorate solution with 0.1 N NaOH.
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Preparation of hydroxy-bismuth montmorillonite
The procedure used to prepare hydroxy-bismuth montmorillonite was similar to those used for hydroxy-zirconium (Yamanaka and Brindley, 1979) and hydroxy-chromium montmorillonites (Brindley and Yamanaka, 1979) . Separate 300-rag samples of Namontmorillonites (a Wyoming montmorillonite supplied by the American Colloid Company as used in previous studies) were dispersed in 20 ml of water, and 60 ml of a hydroxy-bismuth solution was added. After stirring for 1 hr, the montmorillonite was separated and washed repeatedly with distilled water to remove excess electrolyte and dried at 40~ in air.
The change in basal spacing of hydroxy-bismuth montmorillonites on heat treatment to 500~ was followed by X-ray powder diffraction (XRD) examination of thin layers of the clay on glass slides. Surface areas were determined volumetrically by nitrogen adsorption at liquid nitrogen temperature after heating the samples at temperatures ranging from 110 ~ to 500~ The adsorption isotherm followed Langmuir monolayer adsorption.
Analysis
The clay sample was dried at 800~ to constant weight, and the weight loss between 110 ~ and 800~ was recorded as H20(+). Higher temperatures were not used to avoid the vaporization of bismuth oxide. The dried sample was decomposed and dissolved by hydrofluoric and nitric acids. Bismuth was determined colorimetrically by using thiourea (Asmus, 1954) ; sodium was determined by flame analysis. 
RESULTS AND DISCUSSION
A titration curve for 0.1 M bismuth perchlorate solution with 0.1 N NaOH is shown in Figure 1 . The change in pH was very small until bismuth hydroxide began to precipitate at OH/Bi ~ 2.4 with sudden increase in the pH. The well established species of bismuth cations present in solutions are Bi(OH) 2 § and [Bi6(OH)12] 6 § (Baes and Mesmer, 1976) . The latter is predominant, and its concentration increases as the titration proceeds. A shoulder around OH/Bi = 2.4 in the titration curve is attributed to the occurrence of additional polymeric species ofBi 3 § such as [Bio(OH)z0] ~+ and [Big(OH)2d 6+.
The XRD patterns of Na-montmorillonite treated with hydroxy-bismuth solutions with 0 to 2.0 basicities resemble each other even after the samples were heated to 500~ The patterns for the products where OH/Bi = 1.0 are shown in Figure 2 . As seen in the figure, the basal spacing of the sample dried at 110~ is about 16 /~ and nearly regular with (002), (003), and (005) reflections. After heating the sample at 200~ the (001) reflection disappeared, and the reflections of higher orders shifted slightly. The (001) broad reflection returned on heating at 500~ to a value of about 9.8/~, indicating a complete collapse of the clay. The disappearance of the (001) reflection on heating to 200~ can be interpreted in terms of the large X-ray scattering power of Bi atoms. It seems likely that even a slight rearrangement of bismuth atoms due to a partial collapse of the layer on heating causes remarkable reduction in the reflection intensity. The results of elemental analyses for bismuth and sodium are summarized in Table 1 , together with weight loss (H20+) data for heating from 110 ~ to 800~ Half of the interlayer sodium ions were exchanged with hydroxy bismuth cations in the bismuth perchlorate solution even without the addition of NaOH. The remaining interlayer sodium ions were gradually exchanged as the basicity of the bismuth solutions increased. The interlayer compositions were calculated on the basis of Ot0(OH)2 anion composition on the following assumptions:
1. The composition of the silicate layer, [(Si3.93Alo.or the interlayer hydroxy-bismuth cations are partly dehydroxylated on heating even at 110~ thus the basicity of the hydroxy cations is given by [(OH) + 2(O)]/Bi in the table. As pointed out as a common feature of the exchange reactions of clay with hydroxy-metal cations, the basicity of interlayer hydroxy-bismuth cations is much larger than that of the hydroxy solution. Moreover, the basicity was almost constant regardless the basicity of the initial solution. This result suggests that a single hydroxy-bismuth cationic species was involved in the exchange reactions. This contrasts with hydroxychromium and hydroxy-aluminum montmorillonites where OH/metal ratios of interlayer cations vary with basicities of the hydroxy-metal solutions (Veith, 1978) . Since the principal hydroxy-bismuth cations in solutions are in the form [Bi6(OH)z2] 6+, it is reasonable to assume that the interlayer hydroxy species are also Bi6 species. The interlayer compositions given in Table 1 indicate that the hydroxy species on Bi 6 basis is close to [Bi6(OH)16] 2+ which will be partly dehydroxylated on drying at ll0~
The structure of [Bi6(OH)12] 6+ was determined by an XRD study of bismuth solutions (Levy et al., 1959) . As shown in Figure 3 , bismuth atoms are in octahedral arrangement with four hydroxy groups per bismuth, with the oxygen atoms at the centers of octahedral edges. The bismuth-bismuth distance between opposite apices of the octahedron is 5.23 ,~. In the interlayer [Bi6(OH)16] 2+ ions, four additional hydroxyl groups seem to attach to bismuth atoms. The expanded spacing of the montmorillonite is compatible with the interlayering of the monolayer of hydroxy-bismuth polycations.
Surface areas of the bismuth-hydroxy montmoriUonites heated to 500~ are shown in g, which is much smaller than the 250 m~/g for hydroxychromium montmorillonite having a similar spacing of 16 .~ at. 200~ (Brindley and Yamanaka, 1979) . Evidently the basal spacing of hydroxy-metal complexes is not the only factor which determines surface areas. A possible explanation is that most of the pores in the hydroxy-bismuth montmorillonite are isolated for some reason, so that nitrogen penetration does not occur. Information on the orientation and distribution of the hydroxy-metal cations in the interlayer spaces is needed for further discussion.
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